Background: Transforming growth factor-betas (TGF-βs), including beta2 (TGF-β2), constitute a superfamily of multifunctional cytokines with important implications in morphogenesis, cell differentiation and tissue remodeling. TGF-β2 is thought to play important roles in multiple developmental processes and neuron survival. However, before we carried out these investigations, a TGF-β2 gene down-regulated transgenic animal model was needed. In the present study, expressional silencing TGF-β2 was achieved by select predesigning interference short hairpin RNAs (shRNAs) targeting mouse TGF-β2 genes. Results: Four homozygous transgenic offspring were generated by genetic manipulation and the protein expressions of TGF-β2 were detected in different tissues of these mice. The transgenic mice were designated as Founder 66, Founder 16, Founder 53 and Founder 41. The rates of TGF-β2 down-expression in different transgenic mice were evaluated. The present study showed that different TGF-β2 expressions were detected in multiple tissues and protein levels of TGF-β2 decreased at different rates relative to that of wild type mice. The expressions of TGF-β2 proteins in transgenic mice (Founder 66) reduced most by 52%.
Background
Spinal cord injury (SCI) is a common medical problem, which can trigger a cascade of events, including infiltration by macrophages, activation of resident glial cells, formation of cavities in the injury site, axonal demyelination, loss of both sensory and motor neuron function and neuronal damage and death [1, 2] .
While numerous therapeutic interventions had been attempted in the past, a lack of suitable growth substrates, an insufficient activation of neuron-intrinsic regenerative programs, and extracellular inhibitors of regeneration limit the efficacy for anatomical and functional recovery after spinal cord injury [3] . The bulk of evidence has shown that the administration of some exogenous growth factors is potentially able to effect functional repair or nerveregeneration in injured spinal cords [4] [5] [6] .
A large number of different cytokines/growth factors are secreted into spinal wounds by blood cells, platelets and endogenous cells. One superfamily of cytokines includes transforming growth factor-βs (TGFβs) [7] , of which three isoforms, TGF-β1, -β2, and -β3, have been isolated in mammals [8] . It has been generally accepted that functions of TGF-β family members may vary depending on cellular status and cell types. TGF-β isoforms have been implicated in a broad diversity of biological activities, including cell growth, cell death, cell differentiation, inflammation, and immunological reactions, by modifying the expression of specific sets of target genes [9] [10] [11] . TGF-β has been shown to be both pro-and anti-apoptotic, influenced by both context and location. Increases or decreases in the production of TGF-β have been linked to numerous disease states, including atherosclerosis and fibrotic disease of the kidney, optical nerve, liver and lung. TGF-β, especially TGF-β2, is the predominant cytokine that plays an important role in the development of fibrosis [12] [13] [14] [15] . Reports demonstrated that the later induction of TGF-β2 at the point of SCI may indicate a role in the maintenance of the scar [16] . It therefore suggested TGF-β2 is possibly involved in neuroplasticity following SCI. However, newly developed TGF-β2 knock down transgenic mouse lines express TGF-β2 is still needed.
In the present study, we established transgenic (Tg) mice with TGF-β2 knock down by genetic manipulation. Polymers chain reaction (PCR) was performed to identify the genotypes of mice. Then, Western blot and immunohistochemistry (IHC) were employed to detect the protein expressional levels and distributions of TGF-β2 in multiple tissues of different genotypes Tg mice. These tissues were olfactory bulb, cortex, frontal lobe, basal forebrain, cerebellum, hypothalamus, medulla oblongata, spinal cord, trachea, lung, heart, liver, spleen, kidney, adrenal gland, intestines, skeletal muscles and epidermis. The rates of TGF-β2 down-regulation in multiple tissues of different genotypes were evaluated by relative intensity to the level of wild type (WT). 
Results

Genotypes detection of TG
Distributions of TGF-β2 in multiple tissues
Control of immunostaining specificity was performed by replacing the primary antibody with 2% goat serum. These controls did not exhibit any specific immunestaining in the olfactory bulb and brain ( Figure 4S and T, respectively).
Olfactory bulb
Immunoreactions (IR) of TGF-β2 was seen in basal cells, supporting cells, neurons, apical cytoplasmic region of olfactory epithelium, lamina propria and gland's cell cytoplasm. Positive-reactions were seen in a majority in the cytoplasm ( Figure 4A ).
Brain
The distributions of TGF-β2 immunopositive neurons and glia-liked cells were observed within the cortex, basal brain, frontal lobe, cerebellum, hypothalamus and medulla oblongata. They occurred in all layers of the cortical regions examined in this study, including the external and internal pyramidal layers. The somata and proximal dendrites with TGF-β2 IR were observed in the brain stem. A stronger labeling was present in granular cells and in axon-like fibers of the molecular cell layer. A few scattered immunopositive neuronal cell bodies and processes were present in the fastigial and dentate nucleus. Immunoreaction products of TGF-β2 were mainly observed in the cytoplasm and perikarya of these neurons. Nuclei of these cells were not stained (Figure 4B-D) .
Spinal cord
TGF-β2 immunopositive profiles were present in rostral horn, ventral horn neurons as well as white matter of the spinal cord. The IR could be seen in the cytoplasm and processes, but not in the nucleus (Figure 4E -G). Lung TGF-β2 immunopositive profiles were found in the epithelial cells, vascular endothelial cells, as well as white blood cells. The IR was seen in the cytoplasm but not in the nuclei ( Figure 4H ). Liver TGF-β2 was distributed in the cytoplasm of hepatocytes throughout the liver lobule. The IR of TGF-β2 was partially seen in liver acinus ( Figure 4K ).
Spleen
IR of TGF-β2 was detected in Tunica media of artery, subendothelial smooth muscle cell and endotheliocyte. The immunoreactions then were seen in cytoplasm, but not in nucleus ( Figure 4L ).
Kidney
Representative IR for TGF-β2 in renal section of Tg mice showed diffuse positive staining within renal cortex, medullary interstitial, as well as the epithelial cells of the proximal convoluted tubule ( Figure 4M ).
Adrenal gland
The majority of TGF-β2 positive cells are located directly underneath the capsule, in the adrenal cortex ( Figure 4N ).
Intestine
TGF-β2 immunopositive files dispersed in lamina propria, epithelium mucosae and muscular layer. The immunepositive staining was primarily in the cytoplasm and partial cytolemma ( Figure 4O ).
Muscle
TGF-β2 staining was localized to the sarcolemma in skeletal muscle of mice. In the sarcoplasm there was staining in a transverse striation pattern at regular intervals the length of a sarcomere ( Figure 4P and Q). Immunostaining for TGF-β2 also showed positive staining in coronary arteries of hearts ( Figure 4I and J).
Epidermis
The positive-reactions of TGF-β2 were detected in the epidermis of TG mice. The IR was found in cytoplasm and cytolemma of basal cells and follicular epithelium ( Figure 4R ).
Discussion
The present study generated different expression levels of TGF-β2 transgenic mice, which demonstrated that delivering shRNAs targeting TGF-β2 gene could induce TGF-β2 protein expression decrease in transgenic mice, especially in the central nervous system. Also, the expressed decrease in TGF-β2 protein was diverse in different phenotypic transgenic lines. The results detected by Western blot analysis showed that the lowest value (52%) of TGF-β2 protein was detected in Founder 66, while it was only 2% in Founder 41. In addition, we explored the systemic distribution of TGF-β2 in various tissues of TG mice, including the olfactory bulb, basal forebrain, cerebellum, cortex, hypothalamus, frontal lobe, medulla oblongata, spinal cord, lung, heart, liver, spleen, kidney, adrenal gland, intestines, skeletal muscles and epidermis. Newly developed Tg mice Figure 3 Relative expressions of TGF-β2 in different tissues of Tg mice. Figure 3 showed the relative optical density (O.D.) of TGF-β2 protein levels in multiple tissues of Tg mice and that of WT ones (n = 6). Values plotted are means ± SD. * compared with WT, P < 0.05. According to formula of the down-regulated rates of TGF-β2 protein, the average down-regulated rates of the four transgenic lines were calculated and described as followed. The average rates were 52%, 25%, 13% and 2% in Founder 66, Founder 16, Founder 53 and Founder 41, respectively. The relative expressions of TGF-β1 proteins in Founder 66, Founder 16 and Founder 53 were significantly different compared with that of WT mice (P < 0.05). models of TGF-β2 down-regulation could be useful to further investigations.
Our results of PCR for genotypes detection, which showed that the inserted fragments (419 bp) were detected in four Tg offspring of TGF-β2-kd lines, indicated that new Tg mice model of TGF-β2-kd lines were obtained successfully by genetic manipulation. This study generated four kinds of available Tg mice, which were designated Founder 66, Founder 16, Founder 53 and Founder 41. These data strongly suggest that silence shRNAs for TGF-β2 can be used for the creation of a continuous mammalian model in which selected target genes are stably suppressed and attenuated in vivo.
RNA interference (RNAi) is an extremely effective tool for studying gene function in almost all metazoan and eukaryotic model systems. RNAi in mice, through the expression of short hairpin RNAs (shRNAs), offers something not easily achieved with traditional genetic approaches-inducible and reversible gene silencing. Previous research undertook targeted disruption of the TGF-β2 gene to determine its essential role in vivo. They demonstrated that TGF-β2-null mice exhibited perinatal mortality and a wide range of developmental defects for a single gene disruption. These include cardiac, lung, craniofacial, limb, spinal column, eye, inner ear and urogenital defects [17] . The present results show that shRNAs-TGF-β2 can induce extensive TGF-β2 downregulation in mice. A random integration of a transgenic fragment effectively reduced the systemic expressions of TGF-β2 in Tg mice. However, the expression of decreased TGF-β2 protein was varied in different phenotypic lines, such that the highest rates of TGF-β2 downexpression (52%) was detected in Founder 66, while that of Founder 41 was only decreased by 2%. The diverse expression of TGF-β2 protein in four kinds of Tg mice might have been due to the randomness of insertion sites of the recombination vectors in the target gene. Furthermore, some unknown mechanisms of posttranscription regulation in different tissues might induce the different levels of TGF-β2 expressions in multiple tissues. Epigenetic deregulation of the TGF-β2 gene pathway members is likely to be an early event in breast cancer formation, which was resulted from the epigenetic regulation (such as histone methylation and deacetylation rather than DNA methylation) of TGF-β2 in a gene pathway [18] . In normal adult animals, TGF-βs (1-3) are ubiquitously and abundantly expressed in neurons and glia cells in both CNS and PNS [19] [20] [21] [22] [23] . The three TGF-beta isoforms described in mammals (TGF-β2, TGF-β2 and TGF-β3) have prominent functions related to morphogenetic events, epithelial-mesenchymal interactions, and differentiation [24, 25] . A number of studies have suggested that TGFbeta1, 2, and 3 have differential temporal effects during the wound-healing process, and are important for optimal wound healing in the first week after wounding; beyond 1 week, TGF-beta1, 2, and 3 play a critical role in hypertrophic scar formation [26] . Furthermore, knockout mice have revealed their importance in regulating inflammation and tissue repair [27, 28] .
However, there is no report about newly developed TGF-β2 knock down transgenic mouse lines and the systemic distributions of TGF-β2 in Tg mice. The surveys of TGF-β2 distributions in newly developed TGF-β2 knock down transgenic mouse lines provided some crucial information to investigate the role of TGF-β2 under physiological and pathological condition.
In summary, this study developed Tg mice lines with TGF-β2 down-regulation and the systemic morphologic information that can be used in further research. Our results showed that TGF-β2 proteins were widespread in multiple tissues, especially in nervous systems, intestines and epidermis. These results indicated that TGF-β2 might play multiple different biologic roles according to the different cell types. Moreover, the present results generated four genotypes TGF-β2 Tg mice of expressional down-regulated by different folds, which supplied multiple genotypes Tg mice sources for different research.
Conclusion
Our study established new transgenic mice lines with extensive down-regulation of TGF-β2. We also supplied the down-regulated rates and systemic distributions of TGF-β2 protein in four phenotypic transgenic mice. The results showed that TGF-β2 knockdown mice like Founder 66 could be designated as the target lines for further research.
Methods
Animal generation
Animal use and care were in accordance with the animal care guidelines, which conformed to the Guide for the Care and Use of Laboratory Animals published by the US National Institutes of Health (NIH Publication No. 85-23, revised 1996). TGF-β2 knock down (TGF-β2-kd) transgenic (Tg) mice with C57BL/6J genetic background were produced by our collaborators in The Institute of Laboratory Animal Science (Chinese Academy of Medical Sciences & Comparative Medicine Centre, Peking Union Medical College, Beijing, China). The generation of the transgenic mice was described as follows. Briefly, at least three silence expression sites of TGF-β2 were designed by software supplied by Invitrogen Company, USA. Then we selected predesigned short hairpin RNA (shRNAs) that target mouse TGF-β2 gene (Mus musculus, GeneID: 21808). The reconstruction plasmid was designed ( Figure 5A ) and purchased from Invitrogen Company. The constructed recombinant plasmid was transferred into 293T cells. The transformants were screened and identified by polymers chain reaction (PCR) detections and restriction analysis ( Figure 5B, C and D) .
The protocol of PCR is described as follows. The transgene was then isolated from the cloning plasmid and purified by Avr II digestion, followed by diluted to a final concentration of 5 ng/μL. The final transgenic fragment was microinjected into fertilized mouse eggs (F1 [C57BL/6 × CBA/J] × F1 [C57BL/6 × CBA/J]). Detection for the transgenic fragment is described as follows.
Transgenic mice were mated with nontransgenic partners to maintain heterozygozity of the transgene or with transgenic partners to generate homozygous transgenic offspring. In the latter case, transgenic male mice were test mated with two wild-type female mice, and the offspring (15-20 individuals) was analyzed by polymerase chain reaction (PCR). Male mice that produced exclusively transgenic offspring were considered homozygous for the transgene. TGF-β2-kd Tg mice and their age-matched, non-transgenic littermates (wild type mice) were used.
Real-time polymers chain reaction (RT-PCR)
The effects of shRNA target to TGF-β2 gene were detected by RT-PCR in transferred 293T cells. Total RNA was isolated from the harvested cells by using Trizol reagent (Invitrogen). cDNA was synthesized by using Oligo (dT) 18 and MMLV reverse transcriptase (Promega, Madison, WI). Primers employed were synthesized by Takara (Takara, Japan) and are described as follows. For detections in expression of TGF-β2 mRNA, the following primers were used: sense, 5′ CGGAGCATGGAAGTCACAG 3′; antisense, 5′ ACCACAGCCAGGAAACCC 3′. For GAPDH detections, the following primers were used: sense, 5′ CAAGGTCATCCATGACAACTTTG 3′; anti-sense, 5′ GTCCACCACCCTGTTGCTGTAG 3′. The cDNA was 10-fold serially diluted to seven concentrations for the standard curve.
RT-PCR protocol was applied using an ABI 5700 instrument (Bio-Rad). Reactions were performed in a 20 μl volume with 0.25 μM primers, 5 mM MgCl 2 , nucleotides, Taq DNA polymerase, and buffers were included in the DNA Master SYBR Green I mix (Applied Biosystems). Specificity of amplification products was confirmed by melting curve analysis. PCR was performed by the denaturation step at 95°C for 3 minutes, followed by 35 cycles of 95°C for 10 seconds, 55°C for 10 seconds, and 72°C for 30 seconds. Fluorescent signals from PCR products were recorded at 85.5°C for 5 seconds. TGF-β2 mRNA levels were normalized as the ratio of the fluorescence intensity from TGF-β2 to that of GAPDH.
Semi-quantity PCR
Semi-quantity PCR analysis for the TGF-β2 expressions in transformants was performed. Prepare for RNA samples were described as above. Then the total RNA was eluted in 20 μl RNase-free Water (Gibco Life Technologies, Rockville, MD). The RNA was kept on ice and their concentrations were measured by a Nanodrop spectrophotometer (ND-1000). An equal amount of RNA (4 μg) was used for each experiment. The following primers were used: sense, 5′ CGGAGCATGGAAGTCA-CAG 3′; anti-sense, 5′ ACCACAGCCAGGAAACCC 3′. The product length of PCR is 512 bp. For GAPDH detections, the following primers were used: sense, 5′ CAAGGTCATCCATGACAACTTTG 3′; anti-sense, 5′ GTCCACCACCCTGTTGC-TGTAG 3′. The product length of PCR is 457 bp. Gene primers were synthesized by TaKaRa Company.
Experiments were duplicated to verify the results. For RNA amplification, the first-strand cDNA was synthesized from 4 μg of total RNA, using Revert AidTM First Strand cDNA Synthesis Kit (Fermentas Company, U.S.A.). PCR was then carried out using the PCR Master Mix Kit (Fermentas Company, U.S.A.) for 35 cycles, consisting of denaturation at 94°C for 1 min, annealing for 1 min, and extension at 72°C for 1 min. Then PCR products Figure 5C revealed the target transformants (NO.21) for TGF-β2 expressional silence as they had the lowest levels.
were electrophoresed in 1% agarose gel stained with ethidium bromide and visualized, using an ultra violet gel imager (BIO-GEL, BIP-RAD). The image analysis was performed by SYN Gene Tool (LIVE Science, U.S.A.).
Assessment of genotypes
The inserted fragment was identified by PCR. For TGF-β2-kd lines, the following primers were used: sense, 5′GAGCAAAGACCCCAACGAG 3′; antisense, 5′TTA TGA-ACAAACGACCCAACAC 3′. The lengths of PCR product is 419 bp. Briefly, PCR was carried out using the PCR Master Mix Kit (Fermentas Company, U.S.A.) for 35 cycles, consisting of denaturation at 94°C for 30 seconds, annealing at 60°C for 30 seconds, and extension at 72°C for 30 seconds. Then RT-PCR products were electrophoresed in 1% agarose gel stained with ethidium bromide and visualized, using an ultra violet gel imager (BIO-GEL, BIP-RAD). The image analysis was performed by SYN Gene Tool (LIVE Science, U.S.A.).
Expressions of TGF-β2 Protein in different TG mouse
To investigate the level of TGF-β2 protein, multiple tissues including the olfactory bulb, cortex, frontal lobe, basal forebrain, cerebellum, hypothalamus, medulla oblongata, spinal cord, trachea, lung, heart, liver, spleen, kidney, adrenal gland, intestines, skeletal muscles and epidermis were obtained from mice with different genic genotypes. After carefully rinsing in cooled PBS, the hippocampus from each was homogenized on ice in a Lysis Buffer containing 0.05 M Tris-HCl (pH 7.4, Amresco), 0.5 M EDTA (Amresco), 30% TritonX-100 (Amresco), NaCl (Amresco), 10% SDS (Sigma) and 1 mM PMSF (Amresco), and centrifuged at 12,000rp for 30 min. The supernatant was then obtained and stored at −80°C for later use. Protein concentration was assayed with BCA reagent (Sigma, St. Louis, MO, USA). A 20 μl aliquot of the samples was loaded on to each lane and electrophoresed on 12% SDS-polyacrylamide gel (SDS-PAGE) for 2.5 h at a constant voltage of 120 V. Proteins were transferred from the gel to a nitrocellulose membrane for 6.5 h at 24 V. The membrane was blocked with phosphate-buffered saline containing 0.05% Tween-20 (PBST) with 10% nonfat dry milk overnight at 4°C for 12 h, then the membrane was washed three times for 10 min each time. They were then rinsed with PBST and incubated with the primary antibody for TGF-β2 (1:1000, Chemican) at 4°C for 24 h. After washing 3 times for 10 min each, the membrane was incubated with a HRPconjugated goat anti-rabbit IgG (1:5,000; Vector Laboratories, CA) for 2 h at room temperature, and washing as described above. The membrane was developed in ECM kit, and then pictured by Bio-Gel Imagining system equipped with Genius synaptic gene tool software.
Densitometry analysis for TGF-β2 protein was performed. β-tubulin (1:500, Santa cruz) was used as internal control.
IHC
After anesthesia with 3.6% chloral hydrate (1 ml/100 g), mice were perfused with 150 ml of cold phosphatebuffered saline (PBS) for 5 min followed by 150 ml of 4% paraformaldehyde solution for 30 min. Multiple tissues described as above from each group was harvested, postfixed for 6-12 h, then immersed in 0.1 M PBS containing 20% sucrose overnight till the specimen sank to the bottom of the bottle. Sections of 20 μm thickness were cut in a freezing microtome (Leica CM1900, Germany), collected in a plate of 24 wells, rinsed with 0.01 M PBS three times, each for 5 min and soaked in PBS containing 3% H 2 O 2 for 30 min at room temperature to block the endogenous peroxidase activity. After immersing in 0.01 M PBS containing 5% goat serum and 0.3% TritonX-100 solution at 37°C for 30 min, they were subsequently incubated at 4°C overnight with 2% goat serum containing goat polyclonal antibodies TGF-β2 (1:800, Santa Cruz). They were washed three times (5 min each time) in 0.01 M PBS containing 0.1% Tween-20 (PBST), and incubated in Reagents I and II from the PV-9000 Reagent Kit (Chemicon, Anti-Rabbit/Mouse Poly-HRP IHC Detection Kit, USA), each for 30 min at 37°C. It was again rinsed five times, each for 5 min in 0.01 M PBST. Finally, sections were detected by DAB staining. Negative control was performed by replacing the primary antibody with 2% goat serum to ascertain the specificity of antibody staining. IR products were observed and photographed with a light microscope (Leica. DMIRB, Germany) coupled with a computer assisted video camera.
